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SUMMARY

Tests of a FB2Y-3 flying boat were made st the U. 5. Naval Alr
Station, Patuxent River, Md., to determine its hydrodynamic trim
limits of stability. Corresponding tests were also made of a
1/8-size powered dynamic model of the ssme flying boat in Langley .
tank no. 1. During the tank tests, the full-size testing procedure
was reproduced as closely as possible in order to obtain data for
a direct correlation of the results.

At & nominsl gross load of 66,000 pounds, thé lower trim limits
of the full-gize and model were in good egreemsnt above a speed of
80 feet per second. As the speed decreased below 80 feet per second,
the differsnce between the model i{rim limits and full-scale trim
limits gradially became largétr. The upper trim limit of the model
with fleps deflected OC was higher ithan thit of the full~size, bub
the difference was small over the speed range compared. At flap
deflections greater than 0°, it was not possible to trim:elther
the model or the airplane to the upper limit with the center of
gravity at 28 percent of the medn aero@ynamic chord.

The "dectedssé in the lower trim limits with increase in flap
deflection showed good agreement for the airplane and model.

The lower trim limits obtained at different gross loads for
the full-size airplsne were reduced to approximately a single curve

by plotting trim against ‘,CAO /CV'

INTRODUCTION

The hydrodynamic trim limits of stability of a large number
of flying boats have been determined in Langley tank no. 1 by the
use of dynamicelly simllar models. In order to investlgate the
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validity of the model procedures, the trim limits of a PB2Y-3 flying
boat were determined et the U. 8. Naval Air Station, Patuxent River,
Md., After the full-size data had been obtained, a 1/8-size powered

dynamic model was tested in the tank under corresponding conditions

to provide data for a direct correlation.

The full-size tests were made in the Patuxent River by Navy
and NACA personnel in April, May, and June 194L, and Januery 1945.
The model tests were made in Langley tank no. 1 in June 1945.

SYMBOLS

CAO gross load coefficient (AQ /wbs)

CA‘ load coefficlent (A/w’o3)

Cy speed ccefficlent (v/\]é'ﬁ)

where

AQ gross load, pounds

A load on water, pounds

w specific weight of. water, pounds per cubic foot (63.0 for
full-size teste, 63.5 for modal tests)

b beam of hull, feet

v water speed, feet per second

g acceleration of gravity, feet per second per second
(32-2 ft/sec")

B, elevator deflection, degrees

Sf Plap deflection, degrees -

M.A.C. meen aerodynamic chord
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FULL-SIZE TESTS

Description of Flying Boat

The general asrrangement of the four-engine PBEY 3 flying boat
for which the trim limlts of stability were obtained is shown in
figure 1, and pertinent data are listed in tahle f. The airplane
had been fitted by the manufacturer with a center-line skeg aft
of the second step to improve the dlrectional stability character-
istics, and with a ventilation duct on each side of the keel and .
Just aft of the mein step to improve take-off and landing stebllity.

Apparatus and Procedure

An NACA visual trim indicator was used to observe the trim
during the tests; it was located so that the pllot and an observer
could read the indicated trims. An NACA events recorder was used
to record the water speed and to indlcate the instant that por-
poising started. The recorded trim from the gyroc umlt of the
events recorder was not used for the final analysis as it was known
to be affected by acceleration. The accuracy of the readings from
the visual trim indicator was considered to be #0.5°.

The trim limits of stability were obtained at nominal gross
loads of 56,000, 61,000, end 66,000 pounds and with the centér of
gravity at 28 percent mean aerodynamic chord. The flaps wore set
at 0°, 20° and. 40°. The test runs were made at constant speeds,
beginning at about 35 lmots and continuing at S-knot -Increments
until the maximvm.permissible speed. was attained. For each run,
the flying bogt was accelerated to speed and. the engines were
throttled until the speed was' constant.

To determine the lower trim limits of stability, the elevators
were moved down slowly from a position at which the silrplans was
. 8t a stable trim until a lower trim was reached at which porpoising
was encountered; the elevators were then moved up until porpoising
ceased. In attempts to determine the upper trim limlts, the ele-
vators were moved up slowly until porpolsing wae encountered or
the maximum gvailable trim was reached. If porpoising sterted, the
elevators were lowered untll a stable trim was again reached.
Because of the danger involved, the amplitude of the porpolsing
wag not allowed %o bulld up; consequently, fully developed upper
1imit porpoising did not occur, and the upper limit, decreasing
trim, was not determined.
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MODEL TESTS

Description of Medel

The powered dynemic model, designated Lengley tank model 165, °
18 a 1/8-gize model of the PB2Y - 3 flying boat whose general srrange=-
ment is shown in figure 1. The model was constructed by the
Consolidated-Vultee Aldrcraft Corporation; detalled data regarding
the modsl are given in table ¥. Wing-tip floats, such as were
used on the full-slze flying boat, wore not reproduced on the
model, inasmuch as the model was restralned in roll and yaw during
the tank tests. Ventilation ducts were installed in the afterbody
Just aft of the step, but the center-line skeg was not fTitted aft
of the second step as 1t was on the full-gize flying boat. Four
varieble-frequency electric motors turned the three-blade metal
propellers. Leading-edge slate were installed on the wing to
delay the stall and make the stall occur at angles more nsarly
equal to those expected for the full-size flying boat.

Apparatus and Procedure

The tests were made in Langley tenk no. 1, which is described
. in reference 1. The towing gear is described in reference 2. The
trim wvas determined from the relative position of a pointer fixed
to the vertical towing staff and a scale that rotated with the
modsl.

The propellers of the model were adjusted to a blade angle
of 8° at 0.75 radius. The propeller thrust was measured with the
model at 0° trim and with the propellers rotating et 5600 rpm.
The effectlve thrust spproximated the scele value corresponding
to the full-sglze thrust available w:lth 1200 brake-horsepowar
engines (fig. 2) .

Trim limits of stability were o'btained. at a gross load of
128 pounds 5)66 000 pounds full size) for flap deflectioms of 0°,
20°, and b0 The center of gravity was at 28 percent mean aero-
dynamic chord. The model. welght could not be reduced helow a gross
load corresponding to 66,000 pounds, full size; consequently, 'bank
t.ests wore limited to this loa&.

The trim limits were obtained by the methods described in
reference 3. To simulate conditlons undsr which full-size data
were cobtalned, most of the runs were made with the rpm reguired
far a net horizontal force of zero, (thrust = total drag). A few
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runs vere made, however, with full power (5600 ypm with 8° blade
angle). The accuracy of the trim readings was considered to
be +0.25°. -

RESULTS AND DISCUSSION

The lower trim limits of stabillty obtained for the full-size
flying boat at the nominal gross load of 65,000 pounds and for flap
deflections of 0°, 2090, and h0° are shown in figure 3. Upper limit
porpoising was encountered only when the flaps were at 0°. The
upper limit, increasing trim, for this deflection is shown in
figure 3(a). With the flaps deflected to 20° and LOO and jwith the
center of gravity located at 28 percent meen merocdynamic chord,
the available moment fram the elevators was insufflclent to increase
the trim %o the upper limit. The msximum available trims attained
with flaps deflécted 207 and 4OC are shown as stable points in
figares 3(b) and 3(c). In order to obtein the upper limit, it
would have been necessary to move the cemter of gravity aft of

28 percent mean aerodynamic chord which was not feasible for these
tests.

For the medel, the lower trim limites of stability are pre-
gented in figure 4 Ffor flap deflections of 0°, 20°, and LOC. A
emall amount of upper limit porpoising was obtained with the center
of gravity at 28 percent mean sercdynamic chord for a flap deflec-
tion of 0°, as shown in figure 4(a). At flap deflections of 20°
and 40°, nowever, the aerodynsmlic moments obkained with full-up
elevators (as with the full-size flying boat) were insufficient
to trim the model to.the upper limlt and an aft movement of the
center of gravity would have bheen necessary to obtain the upper
limits for these flap deflections.

The faired trim limits of the full-size airplane at the
66,000-pound load and those of the model at the corresponding load
and speeds are compared in figurs 5. The limits for the model lie
above those of the airplane. Above 80 feet per second, however,
the differences are within the accuracy of determination, and &
good correlation is obteined. As. the speed decreased below 80 feet
Per second, the dffference between the model trim limits and the
full-gcale trim limits graduslly became larger.

The upper limit for the model is higher thap that for the
airplane and was not obtained over as wide a2 speed range. If the
difficulties of determining. this limit in both tests are considered,
however, the agreecment 1s satisfactory over the speed range compared.

~
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For the full-size flying boat at nominel gross loads of
56,000, 61,000, and 66,000 pounds, figure 6 shows that increasing
the flap deflectlion reduces the lower trim limit. This trend has
been noted In tenk tests of several models and 1s attrlibuted to
the increasse in 1lift of the wing {decrease in load on the water)
that 1s obtalned with lncreased flap deflection.

The falred lower limits of the airplasne at the 66,000-pound
load and those of the model at corresponding load and speeds sre
compaered in figure 7. The dacresse in the limits with Increase
in flap deflection for the airplane and model show good agreement.

In tests of dynamic models, it haes been found that a plot of
the lower trim limit egatnstthe criterion ,[cA [y (which relates

net waterborne load with apeed) resulted in'a single curve for all
loads (reference 3). In an effort to determine if a similar plot
for the full-size PBZY~3 flying boat would result in a similar
reduction of the load parameters to a single curve, the Full-size

lower trim limits were plotted against “fcﬁo jCv ‘rather than

against \[CA/OV,‘ inasmuch &8s aerodynamic data to determine the
net waterborne load coefficlent Cp were not avallable. This pro-

cedure 1a Justified because the same aerodynemic 1lift character-
istics apply for all loads. The resultant plot is shown in
figure 8. In this figure, for each of the three flap conditions,
0°, 20°, and 40°, the losd parameters are sufficiently close to
sach other as to approximate a single curve, and indicate that the
trim limites of the full size may be reduced to a single curve by
the same methods that apply to the model results.

CONCLUSIONS

From the investigation of the trim limite of stability of a
FPB2Y-3 flying boat and a 1/8-size powered dynsmic model, it is
concluded that:

l. A% a nominsl .gross load of 66,000 pounds, the lower trim
limits of the full size and model were in good egreement above a
full-size speed of §0 feet per second. Aa- the speed decreased
below 80 feet pexr second, the difference between the modsel trin
limits and full-scale trim limite gradually became larger.

. 2. At the 66,000-pound lead and O° flap deflectlon, the upper
trim limits of the model wers higher than thoge of the full size
but the difference was emall over the speed range compared. Ab
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flep deflectlions greeter then 0%, it wes not possible to trim elther
the model or the airplane to the upper limit with the center of gravity
at 28 percent of the mean eerodynemic chord.

3. The decrease in tho lower trim limits with increase in flap

deflection showed good sgireement for the alirplane and model.

L. The lower trim limits obteined at different gross loads for
the full-size alrplene were reduced to approximately a single curve

by plotting trim sgainst \'/ C% /CV

Langley Memorial Aez;onau'bical La'boré.tory
National Advisory Committee for Aeronautics
Langley Ficld, Va. .
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TABLE I.~ GENERAL DATA FOR FULL-SIZE PB2Y-3 FLYING
BOAT AND LANGLEY TANK MODEL 165

Full size Model

Hull: :

Length over-all, ££ « . « + ¢ ¢ ¢« o + o & ¢ o ¢ + o T9.0 Q.

Length of forebody, bow to point of step, £t . . 33.21 L

Length of afterbody, point of step to

. 21.16 2.
1
Q

8ternpost, FH o o o o o 0 0 s 0 6 4 0 e s 0. 6L
Beam, ft * * . » L L] L L] L L . . * -« . L L) L . L L lo L] 5 . 31
Depth Of 8t6P, INs ¢ + ¢ « o o « ¢ s o o s o o+ + « 6.96 .87
Type OF SLOP ¢ + o o 4 s o o « ¢ ¢ o« + ¢ « « « 30°Ves 3IPVee
Angle of forebody keel, deg « « « ¢ » ¢ o + » « « +» 1.0 1.0
Angle of afterbody keel, deg « « » « + ¢ o o » o « 6:25 6.25

Dead rise, deg . ¢« + « « . . « s 22.5 22.5

Wing:
Span, £t (floats retrected) . + « « + « « « . . « 115.0 4.4
Area, 8@ Pt « « & ¢ ¢ ¢ 4 0 4 0 4 b e e e e e e e o« XTT9 27.8
Angle of wing setting to base line, deg . . « « . . 3.0 3.0
Meean aerodynamic chord, £ . « « « « « « ¢ « « + 16,19 2.02
Leading edge M.A.C. aft of bow, £t +« . . + + « . . 23.3 2.91
Tail surface:
Horlzontel
Area, BQ FE o o v v v 4 ¢ o o 0 e e e s e .o« 323.1 5.05
8pan, ft o ¢ ¢ ¢+ 4 0 o 4 s . s 0 e s e s . s 380 k.75
Root chord, £t « o ¢+ ¢« o ¢ 4 o s ¢ ¢« s « o ¢ » «» 9.5 1.19
Tip chord, £t « o v « o ¢ o 4 o ¢« o« o o « « + o« 8.0 1.0
Root incidence to base line, deg + +» ¢« + ¢ « « +» « 2.0 =3.0
Vertical
AI‘G&, Bq_ ft L . . . . . . . . . r . [] L 217088 30""0
Chord, £ « ¢ o ¢ ¢ ¢ o o « o o o s o o 0 o ¢ » 10.2 1.28
Holght, TH6 + o ¢ o o + v o ¢ o ¢« ¢ o ¢ o o« « 12.75 1.59
Propellers:
Number of propellers .« « « « « 2 « o o o s o o o « « b )3
Number of blades per propeller
Inboard . . . Ll . . . » . . . L] . L] L] v Ld . . . L "" 3
Outboard . 4 L - L ] . L L] . . * L] . - L . - - . L L] 3 3
Diameter of propellers
Inboard, ft Ll L] 0 L ] . . L) L4 L] L] L] () L L d L] [ ] L] 12l17 lI63
OutboaYd, FL ¢ o ¢ « v o o o « s s ¢ o s o o s » 125 1.63
Thrust line, angle to base line, deg . « « « « = « » O 0

NATTOWAL ATVISORY
COMMIITEE FOR AERONAUTICS
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Figure 7.- Comparison of the effect of flap deflection on
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